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morphogenesis and differentiation in normal prostatic
The ultimate goal of an in vitro model, using normal prostatic epithelium and their abnormalities in cancer cells. The epithelium, is to mimic the in vivo cell architecture and retain process of acinar morphogenesis, including structural differentiated function. Monolayer cultures lack the 3-D cell and functional differentiation, was investigated by culture organization of tissues in vivo and a rapid loss of cell function on basement membrane gels (Matrigel). The human is often observed. Three-dimensional cultures simulate the papillomavirus 18 immortalized, non-tumorigenic cell line in vivo architecture more realistically than monolayer cultures.
RWPE-1, the v-Ki-ras transformed, tumorigenic RWPE-2
Such a model for the human prostate has not previously been cell line derived from RWPE-1 cells (see previous paper available. A necessary prerequisite for such a model is to pp. 1221-1229) and the human prostatic carcinoma cell develop cell lines that retain morphology and function similar line DU-145 were used. When cultured on Matrigel, RWPEto primary cells, and remain responsive to hormones and to 2 cells remain as single cells or form small aggregates and other growth regulators. We have developed and characterized DU-145 cells form large amorphous cell aggregates without several immortalized, non-tumorigenic and tumorigenic human any organization or lumen. In contrast, RWPE-1 cells form prostatic epithelial cell lines which express functional characacini of polarized epithelium with a distinct lumen, show teristics of normal cells (3-7). These cell lines now make it a distinct laminin basement membrane, and express α6β1 possible to study morphogenesis and differentiation in both integrins at their basal end. Exposure to conditioned normal and malignant prostate cells using standardized and medium from NIH 3T3 cultures accelerates glandular reproducible cell types. It is recognized that immortalization morphogenesis. Parallel cultures maintained as monolayers may alter some cell characteristics, however, we have demonon plastic remain as monolayers. In the presence of the strated that the RWPE-1 cell line, used in the present study, synthetic androgen mibolerone, acinar cells express prostate has retained the Y chromosome and normal cytokeratin expresspecific antigen (PSA) as determined by immunostaining.
sion and the cells mimic normal epithelium in their response We conclude that normal prostate cells can undergo acinar to growth factors as well as androgens by the expression of morphogenesis while tumorigenic cells have lost this ability.
PSA and up-regulation of androgen receptor (3).
The 3-D cultures provide physiologically relevant in vitro
Although much work has been done on factors that stimulate models for elucidating regulation of growth, morphogenesis the growth of prostatic epithelial cells, little is known about and differentiation in the normal human prostate, for ECM-mediated regulation of morphogenesis and differentidefining heterotypic interactions in benign prostatic hyperation. ECM is necessary for epithelial cell proliferative response plasia and for establishing the basis for the loss of normal to growth factors as well as differentiation which are both cell organization in early neoplastic lesions such as PIN as necessary for maintaining homeostasis (8). In the normal adult well as during tumor progression in prostate cancer.
prostate in homeostasis, there is little net growth because a balance between cell loss and cell gain is maintained among and between different cell types. and differentiation. Laminin is a large,~800 kDa, glycoprotein
Mibolerone was dissolved in absolute ethanol and was added to test media at 5 nM concentration, on the basis of previously observed effects on human consisting of three chains, α, β, and γ arranged in a cruciformprostate epithelium in vitro (3,5). Medium was changed every 48 h. Androgen like structure (13) . It is the first ECM protein to be synthesized effects on differentiation were evaluated by the expression of PSA using during embryogenesis, which points to its crucial role in immunostaining.
morphogenesis and organogenesis (8, 13, 14) . Laminin is a The method for the invasion assay is described in detail in the accompanying (BIOMOL Biomolecular Research Laboratories, Plymouth Meeting, PA); paper (3). Briefly, cells were plated at a density of 400 000 cells/well, in monoclonal antibody to α6 integrin, clone GoH3 (AMAC Inc., Westbrook, triplicate, on Matrigel-coated filters in serum-free medium containing 0.1% ME); monoclonal antibody to β1 integrin clone m13 (gift of Dr S.K.Akiyama, bovine serum albumin. Cells were allowed to invade for 24 h. NIDR, NIH); monoclonal antibody to laminin no. c-8271 (Sigma, St Louis, MO); monoclonal antibody to prostate specific antigen no. M-0750 (DAKO, Carpinteria, CA); Vectastain Elite ABC Peroxidase Kit no. PK-6102 and 3,3Ј- 
and PSA

Methods
The effects of a basement membrane substratum (Matrigel)
Cell culture. RWPE-1 and RWPE-2 cells were maintained in the complete on RWPE-1 cell morphology under different media conditions K-SFM medium which contains 50 µg/ml of bovine pituitary extract (BPE) were first examined. Twenty-four hours after plating, wells and 5 ng/ml EGF, plus antibiotic/antimycotic mixture PSF (Penicillin, 100 U/ were divided into several groups and were maintained on: 1) ml, Streptomycin 100 µg/ml and Fungizone, 25 µg/ml). DU-145 human prostate carcinoma cell line was maintained in RPMI-1640 medium containing complete K-SFM; 2) complete K-SFM containing 5 nM mibolerone; 3) NIH 3T3 CM in a 1:1 ratio with K-SFM; and 4) CM in a 1:1 ratio with K-SFM containing 5 nM mibolerone. Within 6 h after plating, cells attached and began to migrate and organize by forming cytoplasmic connections with neighboring cells and by 24 h, a web-like pattern was seen in all cultures (Figure 1 ). With time, cells plated on Matrigel migrate into the gel. Morphogenesis by RWPE-1 cells was a little more rapid in CM treated-cultures and by day 6, distinct duct-like structures or tubes and acini were seen. Extensive branching and budding from tubes into acini-like structures was seen in greater numbers in the CM treated cells than the controls by day 12 (Figure 2a and b) . This budding is also apparent in H&E stained sections (Figure 2c) . Figure 2d shows the in vivo branching morphogenesis in the developing rat prostate (18) 
RWPE-2 and DU-145 cells in 3-D cultures on ECM (11,19). When plated on Matrigel, RWPE-1 cells rapidly begin to
Laminin plays a critical role in cell-ECM adhesion, polarizaorganize and within 24 h form a network of cells (Figure 3a) . tion, morphogenesis and differentiation and the response of However, RWPE-2 cells failed to show such organization and cells to laminin in vitro resembles the differentiated phenotype remained as single cells or formed small clumps (Figure 3b) , of cells in vivo (8,13,14). Laminin, a major (60%) component and DU-145 cells remained as a monolayer (Figure 3c) . After of Matrigel, has been used to study human endothelial and culture for 12 days, the RWPE-1 cells showed well developed salivary gland morphogenesis (10,20). Our results show that branching with branches terminating in acini (Figure 3d) , RWPE-1 cells are able to assemble a well defined, lamininwhereas, the RWPE-2 cells remained either as single cells or containing BM at the periphery of the acini on the basal cell formed small clumps without any organization with evidence surface. Current evidence suggests that the α chain of laminin of cell death (Figure 3f ), while DU-145 cells formed amorphous is necessary for basement membrane assembly, morphogenesis, balls (Figure 3h) . In cross sections, the RWPE-1 acini show polarization and differentiation in vivo (2,16,21). While the distinct lumens lined by a single layer of cells (Figure 3e) . induction of kidney tubulogenesis correlates with the appearThe RWPE-2 cells showed no such organization (Figure 3g) ance of laminin in the mesenchyme, the expression of α chain and the DU-145 cells formed amorphous solid balls without correlates with polarization. Inhibition of polarization in organ lumens (Figure 3i ). These results demonstrate that RWPE-1 culture by antibody against α chain suggests that α chain is cells retain the ability to organize into acini, similar to those needed for establishing epithelial cell polarity (2,16,21). seen in vivo but the malignant cells have lost this ability.
Because of the apparent role of α chain in cell organization, The invasive ability shows an inverse relationship with the we examined the integrin receptor which bind specifically to ability to undergo acinar morphogenesis the E8 fragment of laminin α chain. Integrin receptors mediate epithelial cells polarization. Amongst the known integrin The invasive ability of RWPE-1 cells through Matrigel was compared with that of RWPE-2 and DU-145 cells, where DUreceptors for laminin, α6β1 is considered to be the specific receptor for the E8 cell-binding domain of the α laminin chain cells forming the acini and thus, this immortalized cell line maintains the ability to undergo structural morphogenesis and is essential for cell polarization (13, 15, 16) . Laminin α chain and α6 integrin are coordinately expressed and are cosimilar to normal prostatic epithelial cells. Information about integrin receptors in the human prostate localized in regions where epithelial cell morphogenesis occurs and polarization begins in kidney tubule formation (16).
is very limited and is based primarily on cancer cell lines.
Little is known about integrin expression in normal human Antibodies to α6 integrin subunit selectively block binding to the E8 domain and inhibit cell polarization in kidney tubule prostatic epithelial cells. In one study, α6, β1 and β4 were all expressed at the basal end of epithelial cells in the normal formation (15,16). The β1 subunit is also an essential part of the laminin receptor and antibody to β1 interferes with human prostate, whereas, α6 and β1 showed a diffused distribution and β4 was not detectable in prostate cancer (23) . morphogenesis (10, 16, 22) . A loss, decrease or diffuse expression of integrin receptors is associated with loss of normal Human prostate carcinoma cell lines DU-145 and PC-3 were shown to have an unstable, heterogeneous and diffuse exprescell organization in cancer cells (11). RWPE-1 cells show strong expression of both α6β1 integrins at the basal end of sion of α6β1 and α6β4 integrins while in LNCaP cells α6β4 was absent (24, 25) . On the basis of current knowledge from heterogeneous expression of PSA, upregulate AR and show a growth response when exposed to mibolerone (3,5). PWR-1E the prostate and other tissues as well as the present study, α6β1 may emerge as an important laminin integrin receptor is a human prostate epithelial cell line immortalized by an adenovirus-12/simian virus-40 (Ad12-SV40) hybrid virus (5,6). involved in prostate morphogenesis.
Having established structural differentiation in our 3-D DU-145 cells are considered to be negative for PSA (7). An increase in PSA secretion was observed when freshly isolated prostate epithelium model, the second step in morphogenesis is to accomplish functional differentiation involving expression prostatic epithelial cells were plated on matrix-coated plates as compared to those on plastic (27) . In the acini formed by of secretory products. Androgens regulate growth and functional differentiation of prostatic epithelium (3,5,6,26). PSA RWPE-1 cells in Matrigel, PSA expression is strong in acinar cells and the secretion sequestered in the acini also shows is an important marker of the differentiated function of prostatic epithelial cells and its expression is androgen-dependent. We strong positive staining for PSA. These results demonstrate that the acini formed by RWPE-1 cells in vitro are able not have previously shown that, depending on the duration of treatment and concentration, RWPE-1 and RWPE-2 cells as only to synthesize but also to secrete PSA into the lumen when exposed to the synthetic androgen mibolerone and that well as our PWR-1E cell line in monolayer cultures show the process of secretion is polarized, similar to that in normal aberrant behavior remain to be investigated and further studies to elucidate the basis for the inability to undergo structural prostatic acini in vivo.
Bissell and collaborators have developed an elegant model morphogenesis are in progress. of hormone responsive, secretory mouse mammary epithelium to study differentiation and morphogenesis in vitro (11, 28) . In
